Introduction
A robot is a mechanical or virtual agent, usually an electro-mechanical machine that is guided by a computer program or electronic circuitry. Robots have been linked with the future and modern civilization but have been around for more than 2000 years since ancient Greek automata. Their real surgical application has been in the last 20 years [1, 2] .
Robots were first used in medicine to help people with disabilities to aid in their rehabilitation process. The Edinburgh Modular Arm System [3] was one of the first bionic arm which was engineered by Dr. David Gow in the early eighties.
The National Aeronautics and Space Administration (NASA) developed the first telemanipulator robot in 1985 at the behest of the Defense Department of the United States of America with the aim to decrease war casualties using telerobotic surgery [4] .
It was believed that robots could have prevented more than a third of the soldiers from dying during the Vietnam War secondary to haemorrhage [5] .
Robotic colorectal operations have gained considerable interest after successful implementation in the field of urology and gynaecology. The advantages of a stable platform, better vision and better access has made this an attractive tool in many specialities. [6] Pelvic and rectal resections are best suited for robotic operations [6] .
The Da Vinci surgical robotic system
The Federal Drug and Administration approved the use of the da Vinci robotic system for surgical treatment in 2000 and it was first used at the Ohio State University Hospital for oesophageal and pancreatic surgery [22] .
At present it is extensively used throughout the world and has sold over 2000 units worldwide in 2013. It is estimated then more than 200,000 operations have been performed in 2012 [23, 24] .
The initial model of da Vinci was released in the year 1999, later this was updated to "S" in 2007 and in 2009 Si was released with improved functions and better performance. The author uses the da Vinci "Si" robotic system for his colorectal operations.
The da Vinci system consists of a surgeon's console and four interactive robotic arms attached to the robotic cart controlled by the surgeon from the console. One of the arms carries an endoscopic camera via a 12mm port. The camera has two lenses, which gives a 3D image with stereoscopic vision when the surgeon looks through the eyepiece in the console. The three other arms are used to hold tools and tissues i.e. scissors, bovies, electrocautery. The arms are maneuvered using two-foot pedals and two hand controllers.
Year Milestones

1985
• PUMA 560 was used under computerised tomography guidance to orient a needle for brain biopsy [7] 
2002
• Robotic cholecystectomy [12] • Robotic Right Hemicolectomy [13] • Robotic bowel resections [14] Unlike laparoscopy the da Vinci system allows the surgeon to perform operation seated at the console, with the hands and eyes positioned in line with the instruments. The operating surgeon is able to control the movements of the camera using the foot pedal rather than relying on an assistant. The system is able to filter and decipher surgeon's hand movements into steady and precise micro movements. 
Evidence of robotics in colorectal surgery
Robotic colorectal surgery is gaining widespread interest worldwide and in the continent. Data collected in 2012 suggests that most of the reported or published data shows that majority of the robotic colorectal operations have been performed in the United States (32%) followed by South Korea (20%), Italy (15%), Canada, Germany and Netherlands accounted for 5% and the rest of the world less than 2% [13] .
The first colorectal surgical publication was published by Weber et al in 2002 [27] and since then there has been a tenfold rise in publication in colorectal surgery [13] . The important landmark studies are summarized in [34] . Hence, the evidence shows that laparoscopic colonic operation is oncologically safe and viable with comparable outcomes to open surgery [34, 35] .
The safety and viability for rectal cancers is still less clear especially with the higher circumferential margin (CRM) involvement with laparoscopic rectal operations when compared to open rectal operations as mentioned in the CLASSIC trial [34] . There was however, no difference in local recurrence at three years [36] . There was a higher conversion rate in the laparoscopic rectal subgroup (34%) in comparison to laparoscopic colonic group (25%).
Conversions to open operations led to higher mortality and morbidity [34, 37] . Conversions were mainly attributed to bulky tumours [33] and increased technical difficulty [37] . The robot promises to abolish some of these technical problems faced during dissection of rectal tumours using laparoscopy and the ROLARR (RObotic versus LAparoscopic Resection for Rectal cancer) trial results are awaited. It is an international, multicentre, prospective, randomised, and controlled, unblinded, parallel-group trial of robotic-assisted versus laparoscopic surgery for the curative treatment of rectal cancer [37] . The skills required for laparoscopic operations are different to open operations.
Limitations of laparoscopic surgery include loss of depth perception, reduced tactile feedback and a declined range of motion [33] . The author believes that limited space in the pelvis, with two-dimensional visions and a bulky specimen can make laparoscopic operations very difficult.
Laparoscopic TME rectal resections have a steep learning curve [38] , requiring precise pelvic dissection with preservation of autonomic nerves. There is higher incidence of male sexual dysfunction due to inadvertent injury to the nerves following TME resections [39] . It is estimated that 50% of colorectal surgeons perform laparoscopic colorectal operations in the UK and only a quarter of them perform laparoscopic TME resections [40] . Approximately 50-70 cases are needed to surmount the laparoscopic colorectal learning curve [35, 38, 41] .
The COREAN trail [42] trial compared open surgery with laparoscopic surgery for mid or low rectal cancer after neoadjuvant chemoradiotherapy. There was a conversion rate of 1.2% in the COREAN trial as compared to 34% in the CLASSIC trial. The low conversion rate in the COREAN trial was attributed to greater experience of the surgeons who has performed an average of seventy laparoscopic operations as compared to twenty per average surgeon in the CLASSIC trial [43] .
The learning curve for performing robotic colorectal operations is shorter and is achieved after 15-20 cases [37, 38] . There are three phases that has been identified in the learning curve for robotic colorectal operations [44, 45, 46] • Phase 1 -initial learning (1-15 cases)
• Phase 2 -increased competence (15-25 cases)
• Phase 3 -period of highest skill (>25 cases)
The other advantages of robotic colorectal resections are that
• It is superior in narrow areas like the pelvis and it's safe and feasible [47] with good three dimensional view and zoom magnification [37]
• It has 7 degrees of freedom of movement [37]
• It is associated with lower conversion rates to open operation [48] • It has better pathologic and functional outcomes. It is associated with less complication rates, shorter duration of hospital stay, time to recover to normal bowel function or first flatus and time to start diet. It also causes less postoperative pain [49] .
• Hospitals who perform high-volume robotic colorectal operations have significantly lower rates of postoperative bleeding and ileus [50] • the double console that comes with the robotic cart allow trainees to take part actively at the surgical procedure and learn from it [51] • simulators are available than can be attached to the console which provides a platform for surgical trainees to practice their skills before actually performing the procedures There are however some limitations of the da Vinci system. In particular
• there is a definite learning curve for this technique
• loss of tactile feedback although partly compensated by better vision, still can have its effects on the performance and outcomes
• Hospitals that perform less robotic colorectal operations had more complications with longer length of hospital stay causing higher cost for the hospital.
[19]
• High cost of purchasing as well as maintaining the robotic system [22] 
Patient selection
Patient selection is the key especially in the early stages of the learning curve. The author would recommend choosing patients with
• ASA grade 1-3
• BMI <30
• Age <75 years
• No previous pelvic or intra-abdominal surgery
• T1/T2 tumours
• Tumors that are at or just above the peritoneal reflection of the rectum
• Avoid patients who received neo-adjuvant chemo-radiotherapy and
• Avoid patients who for medical reasons will not be able to tolerate Trendelenburg position
Patient preparation
• Bowel preparation -phosphate enema for left sided operations. Bowel preparation not necessary for right sided colonic operations.
Bowel preparation is controversial in colorectal surgery. Surgeons differ in their approach. Mechanical bowel preparation results in a colon that is clear of feces. However, it can leave liquid stool in the bowel that is more likely to contaminate the operative field and the pelvis in the event of an anastomotic leak. In our experience, bowel preparation also results in small bowel distension that can make operations more difficult. The authors do not use bowel preparation for right-sided colonic resections. Two-phosphate enemas are used for left sided colorectal resections.
• low residue diet 3-4 days before operation
• 4 high calorie drinks to be taken the night before operation
• Eating and drinking normally up to 6 hours before operation
• 2 high calorie drinks to be taken up to 2 hours before operation
• Intra-operative fluids are restricted to 500 mL per hour as tolerated by the patient. This minimizes the risk of edema of the face and neck that can occur due to the steep Trendelenburg position and excessive fluids. Goal directed therapy is the standard approach using esophageal Doppler. • Patient's arms are wrapped alongside the body to reduce possibility of shoulder injury and additional shoulder harness can be placed to support Trendelburg's position
Operating room configuration
• Pressure points and bony prominences are padded and the body position is secured with vacuum-mattress device, especially lateral on the right side.
• Secure the patient to the table to avoid any shifting with the Trendelenburg position.
• Patient is tilted right side down and adjust the angle during initial exposure
• A body warmer (bear hugger) is applied to prevent patient hypothermia.
• Sequential compression devices (Flowtrons) are applied to the legs for DVT prophylaxis.
• After positioning, padding, securing and preparing the patient in the supine position, the table is then placed in a Trendelenburg position, whereby the steepness should be adjusted as per exposure needs during the initial exposure step. 
PORT PLACEMENTS: Preparing for Port Placement:
 Port placement is the key for a successful robotic procedure. Narrow space between the ports will result in clashing of the arms and poor ergonomics. We recommend marking of the abdomen for port placement after CO2 insufflation.
 The initial pneumopertioneum can be established with a Veress needle or Hassan's technique at LUQ or at camera port site.
 Initial assessment of entire anatomy of the abdomen focusing on adhesions, peritoneal seedlings and liver metastasis is carried out once the camera port is inserted. Place remaining ports under endoscopic vision avoiding injury to the inferior epigastric vessels. 
Port placements
Preparing for port placement
• Port placement is the key for a successful robotic procedure. Narrow space between the ports will result in clashing of the arms and poor ergonomics. We recommend marking of the abdomen for port placement after CO2 insufflation.
• The initial pneumopertioneum can be established with a Veress needle or Hassan's technique at LUQ or at camera port site.
• Initial assessment of entire anatomy of the abdomen focusing on adhesions, peritoneal seedlings and liver metastasis is carried out once the camera port is inserted. Place remaining ports under endoscopic vision avoiding injury to the inferior epigastric vessels.
Instrument port placements for left sided colorectal operations [54]
Diagram 1 Showing post placements for left sided colorectal operations
• Robotic camera port, 12 mm (Blue): Place the port 3-4 cm right and 3-4 cm above umbilicus. Distance to symphysis pubis should be ~22-24 cm.
• Robotic instrument arm port, 8 mm (Yellow): Place the port a minimum of 8 cm from the camera port, on the right spinoumbilical line (SUL) at the crossing of the mid-clavicular line (MCL). Distance to symphysis pubis should be ~14-16 cm. Linear stapler can be used from this port.
• Robotic instrument arm port, 8 mm (Green): Place the port a minimum of 8 cm from the camera port, on the left spinoumbilical line (SUL) at the crossing of the mid-clavicular line (MCL). The distance to the symphysis pubis should be ~14-16 cm.
• Robotic instrument arm port, 8 mm (Red): Place the port ~ 3 cm sub-xyphoid and ~ 2 cm medial to the right MCL
• Robotic instrument arm port, 8 mm (Green-Red):
Place the port 7-8 cm below the left costal margin, slightly medial to the left MCL. Place the port a minimum of 8 cm from the other instrument ports and the camera port.
• Assistant port, 5 mm (White): Place the port 8-10 cm cephalad to the instrument arm port and ~ 4 cm lateral to the right MCL (a minimum of 8 cm from the camera port). This port is used for suction/irrigation, ligation and retraction. • Robotic arm port 1, 8mm, at left mid-clavicular line (MCL) 8cms below costal margin
• Robotic arm port 2, 8mm, is placed in at right SUL 2cms lateral to right MCL
• Robotic arm port 3, 8mm, is placed in midline 3 cms from pubic symphysis
• Assistant port, 5mm, place at LIF lateral to left MCL
Operative steps for left sided colorectal operations
• Initial exposure is acquired by cephalad retraction of the omentum to expose the transverse colon and by moving the small bowel out of the pelvis. Loops of small bowel can be stacked in the right upper quadrant to expose the Inferior Mesenteric Vein (IMV). A small swab placed against the small bowel loops can sometimes help by preventing the bowel from slipping into the operative area.
• Primary vascular control is achieved by ligating the Inferior Mesenteric Artery (IMA) and IMV earlier in the operation. Disposable locking clips are used to secure these vessels before division.
• Medial to lateral mobilization of sigmoid and descending colon is carried out towards the left sidewall and superiorly towards the spleen. The plane between mesocolon and Gerota's fascia is developed. Left ureter and gonadal vesssels should be identified at this stage.
• Splenic flexure mobilization (SFM) is not mandatory. However, if the anastomosis is likely to be at tension, SFM is strongly recommended. If SFM is needed, IMV is divided high and the plane above the pancreas is developed which can lead the surgeon into the lesser sac. Gastrocolic omental division from above can complete this step safely.
• Rectal dissection and division -Total Mesorectal Excision (TME) is carried out to the pelvic floor for a mid to low rectal cancer or to the peritoneal reflection for an upper rectal cancer. Great care is taken to avoid injury to the parasympathetic nerves.
• Anastomosis -Rectal division and anastomosis is performed using surgical staplers. Care should be taken not to damage the pelvic floor at this stage. For rectal division, stapler can be inserted through the assistant port or the R1 can be disabled and undocked and the port changed to a 12 mm port to allow the stapler to pass through. In patients with a very narrow pelvis, a supra-pubic port can be used to divide the rectum anteroposteriorly. We perform a routine flexible sigmoidoscopy to check for anastomotic bleeding, viability of the colon and rectum and at the same time perform a leak test to check for anastomotic leak.
Operative steps for right sided colonic resections
• The patient is positioned in modified Lloyd -Davis position with slight Trendelenberg tilt. The ileocolic and Superior Mesenteric Artery (SMA) pedicles are exposed by retraction of the small bowel and appropriate traction and counter traction on the mesentry. Dissection along the Superior Mesenteric Vein (SMV) will expose the ileocolic vein and artery that are then divided after clipping. Duodenum is identified early and dissection carried out towards the liver to enter the lesser sac.
• Lateral to medial mobilization allows the right colon to be freed up. Sub ileal dissection completes this dissection allowing the whole specimen to come to the midline. Gastrocolic omental division results in complete mobilization of the heaptic flexure.
• Ileocolic anastomosis can be performed intra or extra corporeally depending upon the surgeons preference. Specimen is extracted either through a midline or suprapubic incision.
Post-operative management -(Enhanced Recovery Programme [55])
Day of operation:
• Pain management with epidural followed by PCA and then oral/IV/IM analgesia • Post-operatively the patients are transferred to Surgical High Care for close monitoring
• All patients should have DVT (unless contraindicated) and antibiotic prophylaxis
• Patients encouraged to sit out of bed and encouraged to drink straight after the operation including 2 protein drinks First post-operative day:
• The patient will have an epidural and urinary catheter
• Will be encouraged to drink 2 litres of fluid and drink 4 high protein drinks
• Will be encouraged to eat normal food
• Will be encouraged out of bed for 8 hours and take 3 walks of 50 meters each with help from the physiotherapists Second post-operative day:
• Epidural and urinary catheter removed. Pain management using PCA.
• Will be encouraged out of bed for 8 hours and take 3 walks of 50 meters each with help from the physiotherapists
Post-operative days 3-5:
• The patient is discharged from the hospital if stable in three to five days i.e. passed flatus and or opening bowels 
Future developments
Role of ICG in bowel anastomosis and lymph node mapping using da Vinci robot
Indocyanine green (ICG) is a cyanine fluorescent dye that absorbs near infrared wavelengths of light. It binds to plasma proteins and travels in the vascular system [56] . ICG emits an infrared signal when excited by laser light in situ, which can be detected with near-infrared fluorescence camera system (NIRF) [57] .
The image from NIRF gives visual assessment of blood vessels, blood flow, and tissue perfusion. ICG has been widely used by the ophthalmologists to visualise retinal blood vessels [58] and the technique has been amalgamated into the da Vinci Si robotic system.
Water soluble ICG can be given intravenously during surgical procedure. The surgeon is able switch into fluorescence imaging modes from normal white light mode by pressing pedals in the console and is able to view infrared images of blood flow in the microvasculature as well as tissue perfusion in real time. This is particularly useful during bowel anastomosis and improving patient outcomes [59] .
Lymph nodes harvesting can be a difficult procedure to perform in cancer surgery.
The use of ICG is an attractive method to facilitate visualisation of lymphatic vessels, sentinel nodes, and metastatic lymph nodes. It was first introduced by Lim and Soter [60] .
ICG has been used in the recent past to harvest lymphnodes for cutaneous rectal carcinoma metastasis [61] and cutaneous Kaposi's sarcoma [62] with successful outcome.
It has also been used in transcutaneous Sentinel Lymph Node detection in vulvar cancer patients [63] and for identification of lymphatic pathway involved in the spreading of prostate cancer [64] .
Robotic Single Incision Laparoscopic Surgery (SILS) or Colectomy (SILC)
Single incision laparoscopic colectomy (SILC) is well established. SILC is associated with shorter post-operative length of hospital stay and smaller skin incision. There is no difference in operating time or in conversion rate when compared to multiport laparoscopic colorectal operations [65] . The main drawback with SILC is exposure, conflict of instruments, ease of instrumentation, camera operation and ergonomics [66] .
Robotic single incision laparoscopic surgery may be the answer to some of the problems associated with SILC. The author believes that robotic single incision colectomy will result in less abdominal wall trauma, less pain, needing fewer analgesics, early mobilisation and decreased length of hospital stay. It will have better cosmetic result due to fewer numbers of incisions. There is good evidence to suggest that multiple laparoscopic port incisions can cause port site hernias even with 5mm ports [67, 68] .
Early experience with robotic SILC performing right hemicolectomy is safe and feasible [69] . We need more studies to validate robotic SILC for left sided operations.
Other surgical specialties where robotic SILS is gaining interest are listed below:
• Spinioglio G et al mentioned that it took them less time to perform robotic single port laparoscopic cholecystecomies than laparoscopic SILS [70] .
• Robotic single-port trans-umbilical total hysterectomy is technically feasible in selected patients with gynaecological disease [71] .
• Hahn Tran et al have successfully performed robotic single-port inguinal hernia repair without any complications [72] .
• The authors believe that robots will also play a role in natural orifice endoscopic surgery and specimen retrieval via the natural orifice in the near future
The perfect robotic platform should have a low external profile, which can be deployed through a single access site. It should be able to restore intra-abdominal triangulation while maintaining the maximum degree of freedom for accurate maneuvers and strength for reliable traction. Several purpose-built robotic prototypes for single-port surgery are being tested [73] .
The author believes that robots will also play a role in natural orifice endoscopic surgery and specimen retrieval via the natural orifice in the near future.
Summary
In summary the developments of surgical robotics over the last decade has been very exciting. The technology is improving rapidly. Robots certainly allow the surgeons to perform better operations with improved safety. In colorectal surgery robotics will find its place in pelvic and rectal cancer surgery. The cost of instruments and the system are the biggest barrier to the widespread uptake of robotic surgery by the surgical community. The future applications of this technology may result in further benefits that will offset the cost issue.
